Photometric observations of exoplanet transits can be used to derive the orbital and physical parameters of an exoplanet. We analyzed several transit light curves of exoplanets that are suitable for ground-based observations whose complete information is available on the Exoplanet Transit Database (ETD). We analyzed transit data of planets including HAT-P-8 b, HAT-P-16 b, HAT-P-21 b, HAT-P-22 b, HAT-P-28 b and HAT-P-30 b using the AstroImageJ (AIJ) software package. In this paper, we investigated 82 transit light curves from ETD, deriving their physical parameters as well as computing their mid-transit times for future Transit Timing Variation (TTV) analyses. The Precise values of the parameters show that using AIJ as a fitting tool for follow-up observations can lead to results comparable to the values at the NASA Exoplanet Archive (the NEA). Such information will be invaluable considering the numbers of future discoveries from ground and space-based exoplanet surveys.
Introduction
Ground-based observations alongside space missions have great scientific potential in the discovery of new exoplanets and validating their parameters. Various physical parameters can be deduced using transit light curves. Of course, the number and accuracy of these parameters depend on the accuracy of the photometry, the type of exoplanet system, and the initial assumptions of the orbit using Kepler's laws. Ground-based exoplanet surveys have made a lot of contributions to this field. In this paper, we chose cases derived from Hungarian-made Automated Telescope (HAT) surveys.
The Hungarian-made Automated Telescope Network (HATNet) has been in operation since 2003, with the key science goal being the discovery and accurate characterization of Transiting Extrasolar Planets (TEPs) around bright stars in the Northern hemisphere (Bakos et al. 2004) . HATNet consists of six wide field automated telescopes: four of these are located at the Fred Lawrence Whipple Observatory (FLWO) in Arizona and two on the roof of the Submillimeter Array hangar of the Smithsonian Astrophysical Observatory (SAO) in Hawaii. Furthermore, the HATSouth network was the first global network of telescopes using identical instrumentation. They have been important contributors to the rapidly developing field of exoplanets, motivating and influencing observational techniques, theoretical studies, and also actively shaping future instrumentation for the detection and characterization of exoplanets .
Throughout this article, we improved the parameters of the planets in proportion to the Exoplanet Transit Database (ETD) 1 . We analyzed several transit curves of exoplanets based on data from ETD. ETD is a project of the Variable Star and Exoplanet Section of the Czech Astronomical Society. It is created to supply observers with such useful information as transit predictions, Transit Timing Variation (TTV); in addition, it enables the user to plot light curves depicting their depth and duration. The main goal of the ETD is to gather all available light curves from professional and also amateur astronomers. They use a simple analytical model of the transit to calculate the central time of transit, its duration and the depth of the transit. These values are then plotted into the observed computed diagrams (O-C) that represent the last part of the application (Poddan'y et al. 2009 ). In the Data section below, we discuss how to select data from the ETD and specifications of the observations.
In the Method section below, we describe the factors that show the distinction between AIJ and ETD discussing how to use the AIJ package efficiently. AIJ is a graphical software package for general image processing. It simplifies light curve plotting, especially for applications requiring ultra-precise light curves such as exoplanet transits (Mandel & Agol, 2002) . AIJ is a Java program and its astronomical algorithms are based on codes from JSkyCal; this package is compatible with all operating systems . Transit parameters are calculated from the best fit model by AIJ including the planetary radius in units of the stellar radius, / * , the orbital inclination , the transit duration and the mid-transit time . In the Data Analysis section, we summarize the calculated values of the parameters of each exoplanet using AIJ and determine uncertainties in the parameters of transit with a differential evolution Markov Chain Monte Carlo (MCMC) simulation. Finally, in the Results section, we compared values of the output parameters of planets with that from the NASA Exoplanet Archive (the NEA) database 2 .
The NEA is operated by the California Institute of Technology under contract with the National Aeronautics and Space Administration's Exoplanet Exploration Program. This archive combines a database of the confirmed exoplanets and host star properties with key public data sets from space and ground-based surveys; it also provides quantitative analysis tools to work with this data. Examples of the data included are stellar parameters (positions, magnitudes, and temperatures), exoplanet parameters (masses and orbital parameters), and discovery/characterization data (published radial velocity curves, photometric light curves, images, and spectra). The contents of each data set are fully described as part of the archive documentation. The Exoplanet Archive also includes over 2.9 million light curves, including public data from space missions and several ground-based surveys (Akesoni et al. 2013 ). So, it is possible to derive valuable information by analyzing transit light curves of exoplanets, provided by even amateur astronomers with access to relatively modern observing equipment, by using off-the-shelf analysis software as AIJ and web services such as EXOFAST. The mid-transit times as the results of our work will constitute a processed input to perform a Transit Timing Variation (TTV) analysis for these exoplanets.
Data Sets
Exoplanets that we have studied in this paper are HAT-P-8 b (D.W. Latham et al. 2009 Johnson et al. 2011 ) whose light curves are taken from the ETD. We chose these planets because the number of light curves of their transits is appropriate and their observations have been made in the last ten years. They have suitable brightnesses to enable ground-based observations (maximum magnitude 15). In addition to the suitability of data quality, we made a selection by eye. For example, we chose those for analysis that have sufficiently out-of-transit data points and show a clear decrease of the brightness in the light curve during a transit. The orbital period of each exoplanet is less than 5 days. Duration of transits is less than 0.2 day and these planets only orbit around one star. Data are provided by different observers from different geographical locations. For example, for HAT-P-8 b 14 light curves were examined for which their observational information is listed in Table. 2. The first column refers to the data file number, the next five columns refer to the observer's name, observation dates, the filter type, optical size, and the CCD model used, respectively. The last column refers to the data quality of individual light curves which is indicated by a number from 1 (for the best) to 5 (for the worst) based on the records in the ETD that are divided into five groups according to their data quality index DQ. While computing the DQ index of the light curve, the following relation is used 1 Here α is a temporary data quality index, S is the mean absolute deviation of the data from their fit and / is the data sampling, where is the length of observing run in minutes. The number is further transformed for better lucidity to the scale from 1 to 5 where 1 presents the best quality data and the value 5 the worst data (Table  1) . They provide only the results of mid-transit time, transit depth and length of the transit, not the whole light curve (Poddan'y et al. 2009 ). In the following tables data for the six exoplanets light curve information are shown. Tables 2-7 illustrate initial data information for HAT-P-8 b, HAT-P-16 b, HAT-P-21 b, HAT-P-22 b, HAT-P-28 b and HAT-P-30 b respectively. All observations have been performed by using CCD detectors attached on small-to-medium size telescopes. The smallest telescope has a primary with the diameter 132 mm, while the largest has 2000 mm-diameter mirror. The average optics size in all observations is 323.34 mm (12.73 inches). Moreover, the majority of the telescopes were in the range of 200-400 mm (Table 8) . 
Method
Photometric datasets from ETD include differential magnitudes with respect to the mid-time of CCD exposures, in either Julian Dates (JD) or Heliocentric Julian Dates (HJD). Because of the high accuracy of Barycentric Julian Dates (BJD) in comparison to other reference frames, the HJD was formally deprecated by the International Astronomical Union (IAU) in 1991 in favor of the BJD, a time referenced to the Solar System Barycenter (SSB) (Eastman et al. 2010 ). Therefore we converted our times from JD_UTC or HJD_UTC to BJD_TDB through the web service 4 .
For each exoplanet, we processed its data with the AIJ. A transiting exoplanet is modeled as an eclipse of a spherical star by an opaque planetary sphere. The model is characterized by six physical values, plus a baseline flux level, F 0 . The six physical parameters are the planetary radius in units of the stellar radius, / * , the distance between the planet and star scaled in units of the stellar radius, / * , the transit centre time, , the impact parameter of the transit, , and the quadratic limb darkening parameters, and . The orbital inclination can be calculated from the model parameters as
The best fit model is found by minimizing χ of the model residuals using the downhill simplex method to find the local minima. Light curve detrending is accomplished by including a χ contribution for each selected detrend parameter in the overall light curve fit. The χ contribution for all n detrend parameters are calculated at each step of the fitting process as
here j indexes the detrend parameters, k indexes the samples of the light curve, m is the total number of samples in the light curve, is the observed normalized differential target flux, c is the fitted linear coefficient for the detrend parameter values , is the expected value of the flux (which is the normalized transit model value corresponding to the time of the k data sample), and σ is the error in the normalized differential target flux for each sample. Furthermore, the best linear fit of a trend dataset (airmass in this case) to the light curve is found by using AIJ. It is possible to see how the fit is improved by detrending for the airmass. A good guide for whether a detrending parameter is effective is to view the Bayesian Information Criterion (BIC) value (P.M. Bentler 1995). If it reduces by more than 2.0, then airmass should be detrended. In other words, the fit with the lowest BIC value indicates the preferred model. The BIC is calculated as ln (4) Where p is the number of fitted parameters, and n is the number of fitted data points. The contribution represents the goodness of the linear fit of the detrend parameter to the light curve after subtracting the light curve model corresponding to the current fit step . In AIJ the period of the exoplanet's orbit (P) is not well constrained by the transit model, but its value will impact the best fit values of some of the fitted parameters; therefore P should be manually entered by the user.
Moreover, the host star parameters are entered to estimate the transit parameters * , * , . The host star radius can be retrieved from the NEA and the and are the quadratic limb darkening coefficients, which can be found by interpolation based on the stellar parameters and the passband of the observation using the limb darkening coefficient calculator for all the frequently used passbands other than the clear observations 5 . Otherwise, entering any other parameter of the host star will produce a rough estimate of * based on the zero age main sequence assumption .
Our analysis with the AIJ is more thorough in that it is based on a physical model while The ETD assumes that the planet and the host star have dark and limb-darkened disks with a radius ratio of k = R / * keeping in mind that the planetary radius is much smaller than the radius of the host star, k 0.2. The ETD uses the Levenberg-Marquardt non-linear least squares fitting algorithm (Press et al. 2007 ). The algorithm requires the initial values of the parameters and partial derivatives of the fitted function. For a limb-darkened star, the depth of the transit δ is determined by radius ratio k, impact factor b, and limb darkening coefficient c . The ETD keeps c fixed at an arbitrary value c = 0.5 in all cases because the effect on other parameters is rather negligible, usually smaller than the error bars. The export value of the depth is then evaluated as δ 2.5 log min z F z, k, c 5 z is a function with four parameters t , T c , t , and b, where b is the impact parameter (Poddan'y et al. 2009 ). For these reasons, we didn't use the analysis of data by ETD.
As an example of what we did in this work, the data processing with AIJ for the exoplanet HAT-P-30 b is shown in Figure 1 . The raw normalized light curve and the light curve after fitting the exoplanet transit model to the data shows how the airmass detrending parameter was used to improve the fit. 
Data Analysis
In this section, we summarize the calculation of the parameter values for each exoplanet using AIJ. Since AIJ does not find the error for each of those model parameters, uncertainties in the parameters are determined with a differential evolution MCMC simulation through a free web-based tool (EXOFAST). The EXOFAST takes flux and time (which are output of the AIJ) as input and provides parameters values in addition to the errors of some of them. This method is a standard tool in exoplanet research when the goal is to decrease the overall analysis error. Therefore, we should find the lowest to find this minimum:
in which a given data set D is described by a given model M. The online EXOFAST tool is based on this method (J. Eastman et al. 2013 ) and has been used to derive the uncertainties only by fixing the parameter values found in the analyses 6 . With EXOFAST a set of parameters is selected and the is evaluated for that set. Then a different set of parameters is randomly selected, the is calculated and compared to that of the previous set to find the best set of parameters values. To do this, EXOFAST needs three columns of data including BJD_TDB, flux, flux uncertainty. Since AIJ converts magnitude to the normalized relative flux, we can derive the uncertainties in certain parameters with the help of this tool. We listed the uncertainties of all the parameters in Tables 9-14. The tables contain the parameters of different data for every single exoplanet. Each row in these tables shows the calculated parameters for each light curve mentioned in the Data section (For example Table 9 shows all parameters calculated from 14 light curves in the HAT-P-8 b dataset). The first column is the number for each light curve of the planet; the second column ( ) is the radius of planet in terms of the radius of Jupiter; the third column is * which shows the ratio of the planet radius to the stellar radius; the fourth column ( ) is the total transit time from the first contact to the fourth contact; the fifth column ( ) is the orbital inclination (deg); the sixth column (BIC) is the BIC value. The seventh column is the mid-transit times (T c ) and other two columns are the errors FWHM duration ( ), and the transit depth ( ). We calculated the error propagation of k and from the following relations:
2 , * * 7 Table 9 . Parameters calculated for HAT-P-8 b 
Conclusion
In order to check the light curves of the six planets for which an initial analysis was made using ETD, we examined an independent software package (AIJ) and denoted the reason for using it in the Method section. In the Data Analysis section, we studied a total of 82 light curves and extracted parameters from them such as R p , k, , and i and have tabulated them along with their uncertainties in Tables 9-14. In order to analyze the light curves recorded in the same passband, we plotted them in units of relative flux with respect to the orbital phase for each of the passbands. Then we analyzed the data with the same filter using AIJ (Table 16 ). The light curves related to special filters have mentioned (Appendix B.). Then we analyzed the data with the same filter using AIJ. The Precise values of the parameters show that using AIJ as a fitting tool for follow-up observations can lead to results comparable to the NEA (Table 15 ). The similarities in the parameter values show the merit in analysis of amateur data by making use of the right software packages such as AstroImageJ and web services as EXOFAST, considering the differences in the qualities of photometric data acquired by amateur observers and the precise follow-up light curves from relatively larger telescopes to derive the parameters given in the literature. They also prove the follow-up potential of amateur and university observatories in providing system parameters as well as mid-transit times. Such information will be invaluable considering the numbers of future discoveries from the ground and space-based exoplanet surveys. 
